The space fractional diffusion equation (sfde) is obtained from the classical diffusion equation by replacing the second space derivative by a fractional derivative of order α, 1 < α ≤ 2 . Numerical methods associated with integer-order differential equation, have been extensively treated. On the other hand, studies of the numerical methods and error estimates of fractional order differential equations are quite limited to date. Here, we propose an explicit finite difference approximation (efda) for sfde. 
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interpretation of several types of fractional-order integration and proposed a physical interpretation of fractional integration in terms of inhomogeneous and changing (non-static, dynamic) time scale. Machado [4] presented a probabilistic interpretation of the fractional-order derivative.
Space fractional diffusion equations have been investigated by West and Seshadri [12] and more recently by Gorenflo and Mainardi [2, 3] . But numerical methods and analysis of these fractional equations are very difficult tasks. Some different numerical methods for solving the fractional partial differential equations have been proposed. Liu et al. [5, 6, 7] transformed the partial differential equation into a system of ordinary differential equations (Method of Lines), which was then solved using backward differentiation formulas. Fix and Roop [1] developed a least squares finite element solution of a fractional order two-point boundary value problem. Meerschaert et al. [8] proposed finite difference approximations for fractional advection-dispersion flow equations.
We consider the space fractional diffusion equation (sfde) with insulated ends:
∂u(x, t) ∂t
where
where Γ(·) is the gamma function.
In this paper, an explicit finite difference approximation for the sfde is presented. The stability and convergence of the explicit finite difference C874 approximation are analyzed, respectively. Finally, some results show that our numerical method is computationally simple and efficient.
An explicit finite difference approximation for SFDE
Suppose h = x/k , k is a positive integer. Using a second order difference approximation, we get
Let ∆t = τ > 0 be the grid step in time, t n = nτ , 0 ≤ t n ≤ T , ∆x = h > 0 be the grid step in space,
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Now we approximate sfde (1) by using an explicit finite-difference approximation (efda):
Equation (6) can be rewritten as
Equation (7), together with the boundary conditions (u
, result in the following linear system of equations:
T , and A = (a ij ) is a matrix of coefficients. These coefficients, for i = 1, 2, . . . , K − 1 and j = 2, 3, . . . , K − 1 are
when
Method of Lines for SFDE
In order to demonstrate the simplicity and efficiency of the efda, the method of lines for sfde also is presented. This method of lines (mol) is firstly C876 introduced by Liu et al. [5, 6, 7] and has been used to solve fractional partial differential equations successfully. The method of lines for sfde can be written as the following form: for 1 < α < 2 , (k = 1, . . . , K − 1),
4 Stability analysis of EFDA Lemma 1 Let A ∈ C n×n and ρ(A) is the spectral radius of the matrix A, then for any given positive number ε, there exists a norm · m of the matrix
Proof: See [13] . ♠ Theorem 2 The explicit finite-difference scheme (6) for sfde (1)- (3) is conditionally stable.
Proof: Let λ be an eigenvalue of the matrix A to linear system of equations (8) , so that Ax = λx for some nonzero vector x. Choose i so that
a ij x j = λx i , and therefore
Substituting the values of a ij into (11) we get C877
1. when i = 1 :
We note that
Since b i are non-negative real numbers, from Equation (12), we can get
3. when i = K − 1 :
Thus 
be a smooth function, then
C879 Proof: In term of standard centered difference formula, we have
By the integral mean value theorem, we have
where ξ j ∈ [jh, (j + 1)h] . Combining the above two formulae, we have
= O(h) .
♠

Remark 4
The explicit finite-difference scheme (6) has a local truncation error of e r = O(τ + h) .
, then the explicit finite-difference scheme (6) for sfde (1)- (3) is convergent, and the order of convergence is O(τ + h) .
Proof: At the mesh points (
Using the Taylor theorem and Lemma 3, we obtain ∂u ∂t 
where E n = (e 1, 1, . . . , 1) T . Hence we can get
Thus
Also
Consequently, when τ → 0 , h → 0 , we have |e n+1 k | → 0 . This proves that y converges to u as τ and h tend to zero if max 2≤i≤K−2 {b 1 ,
Numerical results
In this section, the following space fractional diffusion equation (sfde) with insulated ends is considered:
When α = 2 , d is a constant, the analytical solution of the heat equation with insulated ends [9] is
efda is an explicit method. mol is a computationally efficient method [6, 7] . In Figure 1(a) , the analytical solution, numerical solutions (mol) and efda for α = 2 , d = 0.4 , t = 0.3 are shown. See in Figure 1 (a) that both numerical solutions are in good agreement with the analytical solution. In Figure 1 (b), the numerical solutions using mol and efda with h = π/100 , τ = 0.0001 for α = 1.7 , d = 0.4 , t = 0.3 are shown. From Figure 1(b) , see that efda is in good agreement with mol. It demonstrates that our efda is an computationally simple and efficient method for sfde. Tables 1 and 2 compare mol and efda solutions with h = π/100 , τ = 0.0001 , α = 1.7 at t = 0.3 and t = 1.0 , respectively. From Tables 1 and 2 , see that the solution from efda agrees well with mol solution, and hints at a convergence order of at least one. Figure 2(a) shows the evolution results using efda with h = π/100 , τ = 0.0001 , α = 1.7 (0 ≤ t ≤ 1 , 0 ≤ x ≤ π). Figure 2(b) shows the response of the diffusion system at t = 0.3 using efda for different real numbers 1.5 ≤ α ≤ 2 . These numerical results show the diffusion behaviour according to the order of space-fractional derivative. From Figure 2 , see that this method applies to solve fractional order differential equations. 
Conclusions
An explicit finite difference approximation (efda) and Method of Lines (mol) for sfde are explored. Error analysis, stability and convergence of the explicit numerical method for sfde with insulated ends are discussed. Finally, some numerical results of efda and mol are presented. These numerical results demonstrate that our efda is a computationally simple and efficient method for sfde. This method can be applied to solve fractional differential equations.
